Acute acid loads have been shown to titrate extra-and intracellular buffers (1, 2). The state of titration of these buffers is reflected by the level of serum bicarbonate. With sustained acid loading, serum bicarbonate ultimately stabilizes at some reduced level despite continuing acid retention, indicating that an additional buffer system is titrated. It has been suggested that such additional quantities of buffer could arise from the slow dissolution of bone mineral during chronic metabolic acidosis (3).
Acute acid loads have been shown to titrate extra-and intracellular buffers (1, 2) . The state of titration of these buffers is reflected by the level of serum bicarbonate. With sustained acid loading, serum bicarbonate ultimately stabilizes at some reduced level despite continuing acid retention, indicating that an additional buffer system is titrated. It has been suggested that such additional quantities of buffer could arise from the slow dissolution of bone mineral during chronic metabolic acidosis (3).
The present metabolic balance studies were carried out to study further the relationship between acid retention and calcium balance during chronic ammonium chloride acidosis.
Methods
We carried out five metabolic balance studies in healthy men, who were hospitalized in the Clinical Research Center, Marquette University School of Medicine.
General protocol. Each subject ate a constant whole food diet throughout the study. At the start of every experiment, the subject was allowed 3 to 6 days to adjust to his constant diet. Thereafter, each metabolic balance period lasted 6 days. Observations were begun with two to four control periods, followed by three periods of ammonium chloride loading and two to seven recovery periods.
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Ammonium chloride was placed in tared gelatin capsules and weighed on an analytical balance. Many samples of each batch of NH4Cl used were weighed and analyzed for chloride. These analyses indicated an approximate 3% water content of the chemically pure salt. The water content was taken into account in calculating the dose administered to each subject. The salt was administered in divided doses each day. In order to avoid nausea, the initial daily dose was small and was then progressively increased each day during the first 6 to 9 days of ammonium chloride loading; thereafter, the daily dose was constant. The subjects received one multiple vitamin capsule containing 1 ,000 USP U of vitamin D daily. Techniques of collection of blood, urine, and stool specimens, analytical methods, and calculations of endogenous production of fixed acid and renal acid excretion and acid balance have been described previously (4) . Acid and mineral balances during ammonium chloride loading and recovery periods are presented as changes from the balances observed during control periods. Table I presents the mean daily intake, excretion, and balance of electrolytes for the five subjects during control observations. Each subject was in approximate electrolyte balance, with small positive Na, K, and C1 balances presumably due to skin losses. Urine and stool composition was normal and appropriate to intake. All subsequent calculations were based on the assumption that the observed control balances would have continued throughout each study if ammonium chloride had not been administered. The results are thus shown as change from control for each subject. Figure 1 shows some of the major features of the response to NH4C1 loading in one of the subjects (R.P.) and is representative of the changes observed in each study. The trol periods, the cumulative acid balance was + 310 mEq, whereas cumulative calcium and phosphorus balances were -406 mEq and -86 mmoles, respectively. Table II presents the complete balance data for another subject (A.H.) during four control, three NH4Cl loading, and seven recovery periods. These results are typical of each of the five studies. Body weight and blood measurements are given for the morning of the first day of each period. Urinary [H+] and pH are the average values for each 6-day period. All other constituents are given as total amounts per period.
Results
The quantity of NH4Cl administered to A.H. during each of the three loading periods is shown in the center of Table II . Serum bicarbonate fell progressively as acid was retained during the first two ammonium chloride loading periods. During the final period, serum bicarbonate rose slightly despite continuous retention of acid that averaged + 14 mEq per day. During acid loading, calcium and phosphorus balances became negative as a result of urinary losses. Urinary calcium losses continued in the first recovery period. At the end of the second recovery period, when serum bicarbonate had returned to stable control levels, the cumulative change in acid balance was + 360 mEq, whereas the cumulative changes in calcium and phosphorus balances were -194 mEq and -56 mmoles, respectively.
During five additional recovery periods, acid balance was essentially equal to that observed in the control periods, so that the cumulative acid balance changed by only + 53 mEq during these final 30 days. The cumulative change in acid balance was thus + 413 mEq at the end of the entire study. The cumulative changes in calcium and phosphorus balances were + 50 mEq and + 50 mmoles, respectively, during these recovery periods. At the end of the study, the cumulative (Figure 1 ) and A.H. ' (Table II) . 
Discussion
The present studies were carried out to evaluate further the role of buffering by bone mineral in the defense against chronic metabolic acidosis. Constant whole food diets, which approximated the usual diets of the subjects, provided adequate intakes of calcium and phosphorus, and yielded normally formed stools, were used.
We evaluated the responses to induced metabolic acidosis by comparing the observed changes in net renal acid excretion from control values to the changes in net fixed acid production, including diet and stool unmeasured anion, as before (4) .
Despite the return of serum bicarbonate levels to stable values equal to those of the control periods, the cumulative increase in renal acid excretion by the end of the second recovery period failed to account for an average of 193 mEq of the cumulative increase in net fixed acid production. In each study the serum bicarbonate became stable at a reduced level after the first period of ammonium chloride administration, despite the fact that significant acid retention continued. The additional quantities of acid retained, without further fall in serum bicarbonate, must have titrated some buffers other than those of extra-and intracellular water.
An examination of the observed mineral balances (Table V) provides information about the possible sequential distribution of the retained acid. During the first acidosis period, sodium and potassium losses were marked, but calcium balances remained at control values. Chloride, was retained as the serum chloride rose, and modest phosphorus losses occurred. During the second acidosis period, potassium and calcium were lost without further losses of sodium. Chloride retention and phosphorus losses continued. In the final acidosis period, calcium was the only cation lost. No further changes in chloride balance occurred, whereas phosphorus losses continued. No significant changes in magnesium balance were found. The pattern observed suggested that extra-and intracellular buffers shared equally in the neutralization of the acid load during the first ammonium chloride period, but after extracellular buffers had become significantly titrated, cell buffers plus bone, and finally only bone, continued to provide buffer reserves.
During the first two recovery periods, sodium and potassium losses were promptly replaced, and the retained chloride was excreted. The rapid restoration of sodium and potassium stores and the prompt rise of serum bicarbonate indicated that extra-and intracellular fluid buffers were quickly replaced. Since calcium balance was also negative during the first recovery period, it is possible that continuing liberation of alkali from bone mineral contributed to the rapid restoration of cell and extracellular fluid buffers. Despite the replenishment of these buffer stores an average of 193 mEq of acid had apparently been retained at the end of the second recovery period; this was accompanied only by the significant loss of 185 mEq of calcium and 79 mmoles of phosphorus.
During the three NH4C1 loading periods, a statistically significant cumulative reduction in fecal "unmeasured anion" content that averaged 90 mEq per subject (p < 0.05) was observed, indicating a decreased loss of potential alkali from the gut during acidosis. A small increase in fecal unmeasured anion excretion occurred during the first two recovery periods. Thus, fecal excretion of combustible anions may be altered by the state of systemic acid-base balance.
Another striking finding in these studies was the marked calcium losses in the urine that occurred when acidosis was induced. It has long been known that experimental acidosis induces a negative calcium balance due entirely to hypercalciuria in normal subjects (5) and that an acid environment in vivo (6) results in dissolution of bone mineral. Furthermore, Dennig, Dill, and Talbott (7), and later Albright and Reifenstein (8) , recognized that release of bone calcium salts. into body fluids would inevitably contribute alkali. More recently, this mechanism has again been invoked as the explanation for the finding of continuous acid retention in experimental chronic metabolic acidosis (3) . Previous interpretations of the significance of the calcium losses that occur during chronic metabolic acidosis varied. Dennig and co-workers assumed, on the basis of their study (7) in which the molar ratio of Ca/P lost was 0.84, that all of the calcium losses arose from bone Ca3(PO4)2, and hence each milliequivalent of calcium lost would represent buffering of only 0.4 mEq of acid. Albright and Reifenstein (8) assumed that the calcium losses in acidosis were derived from bone salts in the same proportion as these salts existed in whole bone and thus calculated that 0.49 mEq of acid would be neutralized for each milliequivalent of calcium lost. However, direct measurements of the alterations in bone composition during relatively acute experimental metabolic acidosis in animals (9) indicate that CaCO3 is the principal calcium salt lost. In more prolonged acidosis occurring during the course of chronic renal disease in man, it is clear that the total mineral mass of the skeleton is reduced, but even in this circumstance disproportionate losses of carbonate from bone have been reported (10 The constant whole food diets used in these experiments provided a significant quantity of potential alkali as combustible anions, and during acid loading the fecal excretion of organic anions declined significantly. During NH4Cl loading, net fixed acid production was increased by an average of 3,425 mEq. Most of this acid load was excreted by the kidneys, but at the end of 12 recovery days an average of 193 mEq of the acid fed had not been excreted in the urine, despite the return of the serum bicarbonate to stable control levels. The simultaneous calcium balances averaged -185 mEq, supporting the previous suggestion that bone mineral is an important buffer reservoir in the defense against chronic metabolic acidosis.
